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Unit 2 Notes, Part 4: The Macromolecules
Ms. Ottolini, AP Biology
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(o Big Questions WS et e

Why is Carbon a fundamental atom in biological
systems?

How does the structure of carbon allow for
functionally infinite complexity in the structure of
molecules that contain it¢

Why Carbon?
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Isomers- Molecules with the same
molecular formula, but different structures 5 And AR G J
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Any molecule more complex than

has at least one isomer.
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3 Kinds of 1somers

Structural i
(a) Structural isomors bw\ (-ﬁ Wi | O Structural-
- Same formula, different order.
H
HHHHEB 3 g K (2)Cis-Trans-
H wéwéﬁwg H- ?»w ¢—c—c-+n Same formula, different positioning
HH HHH H H H H around a double bond. C J N D i
R e 1 1
(b) Cis-trans isomers 2) Enantiomers > 3 o MS s
” " " @ Same formula, mirror image
ol - GmBl positioning around a central carbon
H H B .
cis isomer: The two Xs trans isomer: The two Xs Wl fa 2 lﬂt'pf”r Haat-
are on the same side. are on opposite sides. Noke ¢ x S a (C i
{c) Enantiomers s B A ViU mua@ﬁ““
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About Enantiomers
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Drug Condition

TNE

ibuproten Pain; :
intlammation wie ('{ \ M\

Sibuptofen  R-lbuprofen

Alhuterol Asthma

A-Albuteral ~ S-Albuterol

Biological systems tend to use only one
of any two enantiomeric forms.
All cells use D-sugars, and L-amino acids

Getting To Know
The Functional Groups

Functional Groups modity the
properties of organic molecules



[ Hydroxyl ]

STRUCTURE o @

(may be written

HO )

ZXAMPLE

Ethanol

Alcohols
(Their specitic
names usually
end in -ol)

* Is polar as a result
of the electrons
spending more
time near the
electronegative
oxygen atom.

+ Can form hydrogen
bonds with water
moelecules, helping
dissolve organic
compounds such
as sugars.

| carbonyl |

STRUCTURE

EXAMPLE

Acetone

H }r y

I \.
H H H
Propanal

Ketones if the carbonyl
group is within a
carbon skeleton

group is at the end of the

carbon skeleton

* A ketone and an
aldehyde may be
structural isomers
with different properties,
as is the case for
acetone and propanal.

+ Kelfone and aldehyde
groups are aiso found
in sugars, giving rise
to two major groups
of sugars: ketoses
{containing ketone
groups) and aldoses
{containing aidehyde
groups).

[ carboxyl |

STRUCTURE

EXAMPLE

R

Acetic acid

Carboxylic acids, or organic
acids

* Acts as an acid; can
donate an H' because the
covalent bond between
oxygen and hydrogen s so
PORT -
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* Found in cells in the_@ggd_
form with a charge of 1- and
called a carboxylate ion,
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[ Amino

STRUCTURE

EXAMPLE

Glycine

Amines

* Acts as a base, can
pick up an H* from the
surrounding solution
{water, in living
organisms):

H
Mo
H* + —~N == —*N—H
N |
H H
Nonionized lonized

* Found in celis in the
ionized form with a
charge of 1+.

[ Sulthydryl J

3TRUCTURE

b

(may be
written HS—)

IXAMPLE

Cysteine

Thiois

+ Two sulfhydryl groups can
react, forming a covalent
bond. %ﬁgggﬂinﬂml
helps s ze protein
structure.

st S

* Cross-linking of cysteines
in hair proteins maintains
the curliness or straightness
of hair. Straight hair can be
“permanently” curled by
shaping it around curlers
and then breaking and
re-forming the cross-linking
bonds.

Methyl

3TRUCTURE

Methylated compounds

IXAMPLE

5-Methyl cytidine

NAME OF
COMPOUND

FUNCTIONAL
PROPERTIES

NAME OF
COMPOUND

FUNCTIONAL
PROPERTIES

NAME OF
COMPOUND

* Addition of a methyl group FUNCTIONAL

to DNA, or to molecules
bound to DNA, affects the

PROPERTIES
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{ Phosphate j

STRUCTURE Organic phosphates NAME OF
COMPOUND
ZXAMPLE * Contributes negative =~ FUNCTIONAIL

charge to the molecule PROPERTIES

of which it is a part

(2- when at the end of

a molecule, as above;

1~ when located

internally in a chain of
phosphates).

Glycerol phosphate * Molecules containing
phosphate groups have
the potential to react
with water, releasing
energy.

A little difference
goes a long way!

)

e

TS

The entire difference in the physical appearance of
genders is due to the effects of these two hormones!

- Make Sure You Can

Explain how the structure of the Carbon atom leads
to the emergence of complexity in carbon containing

Identify i1 of the functional groups discussed in this
presentation,

Explain how each of the functional groups discussed
contributes to the properties of the molecules that
contain them.




Big Questions

How are the maolecules of biological
systems constructed?

Why are particular groups of molecules
needed in biological systems?

How do the interactions of biological
molecules lead to the emergence of life
functions?

So, What's a Macromolecule?

« Big! (hence "macro”)

+ Made of few, common atoms
- Accomplish all life functions

« Put together in a special way
» Can be incredibly complex

4 Main Kinds

1. Carbohydrates
2. Lipids

3. Proteins

4. Nucleic acids

Building Macromolecules
Except for lipids, macromolecules exist in two
forms

» Monomer- the simplest unit

- Polymer- a large molecule made of repeating

monomers
1ept between monomers and

{ by adc_in%ﬁ'rem()ving

polym
water,

foct Bt Macco motecudys

N -

— CoNRISIQ



Dehydration Synthesis

S Hoggtherto
Builds more complex molecules ) /j\ ad 5 mmb{m )Q

L B B AL 2@ from smaller ones by removing 2 H ~_ {V)C\\QQ a_ P(U?(jﬂ\a’-
! & 1 0, and replacing it with a
® hond. H20 (WM’@U \S Rase

.,MWW;_" Water is produced!
Builds complexity ("anabolic”)
Requires energy ["endergonic’) &
enzymes (more later}

> Brears AowN pcfgmﬁ Mo

Reverse of dehydration synthesfs

Hydrolysis

ot et Bt b Wb S YY10770
o lysis = "breaking Ol &
Water is needed! — . ) s K Q.
’ Reduces complexity (“catabolic") HLO (LU(\-HI‘B '

) v . Releases energy ["exergonic”)
WD O @G Epzymes still required!

We will now take a tour

Things to focus on:
1. Structure & Function 2. Atoms Needed
3. Monomer A 4. Polvmer u

Carbohydrates

*
General lnfo. _ gX " QS’X.\)\(DS’Q—'HC@¥¥ZOG
- "Sygars" & "Starches" ///4/ s
. Made of C, H, and O (1:2:1 ratio in monomers) (g‘im% (ReSto
. Used for short term energy storage & structure
. Monomers = "monosaccharides” C, H’Z.O | )
. Different Sugar monomers have different #'s of Carbon ( CMmﬂ S“Lﬂ X -

hexose-S
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Clyceraldehyde Dihydroxyacetone
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Monosaccharides & Disaccharides

These are the major carbohydrates used for energy
Y L

Foxose sugars are the most Tamous” monosace harides
Thiee kinds: Glugose, Galactose, & Fructose

£
They are typically shown as cathon rings, -y
e

Cumbine 2 by dehydration synthesis, and you geta” disaccharide”
[What are therr molecular formulas? i i i
Glucose + Glucose = Maltose {"Malt suga” ,-@"m_u:@: B

[ i

Glucose + Fruciose = Sucrose (Table sugar’) o B
Clucose + Calactose = Lactose {"Milk sugar”) oz, -

e, S5
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¥

Glucase @ Ghucoa | B ‘*_S CU\Qé N Ol

(B) Dehydratlon reactien in e synthesls of sucrose

Polysaccharides

Massive polymers of sugars are called "polysaccharides”
Glucose polymers have two main functions in organisms

Energy Storage

Polysaccharides are great for short term
storing of energy.

In plants, amylose {"starch") is the major
energy storage polysaccharide.

Chicroplast  Starch grancies
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Animals use glycogen for energy storage
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b} Glycogen: THEp
an animal potysaccharide




Structural Support
Cellulose is the major component of plant-like
cell walls,

Cell wall

The difference between starch and cellulose is
in the linkages between ,u,luum{ units.

-

£y o 403 5 hasa HIRg SRS

The Problem of Herbivory

Herbivores need to digest cellulose.

Animals lack the enzymes necessary to break beta linkages

Several strategies are employed.

Termites!

The most famous wood-eater of the animal
kingdom has a symbiotic relationship with a
protist.

In exchange for a place to live (the termite
gut), the protist does the cellulose digestion

Ruminants!

Ruminants like cows have a vastly expanded upper G! tract.

The action of bacteria, and continual regurgitation and
chewing of “cud” leads to the digestion of cellulose
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Caecophores!

Cacvopheres like bunnies bave an
expanded fower Gl tract. Food can
ot be regurgitated, but there s
still a way te put partially digested

-ellulose back in to the animal...

Other Carbohydrates

Chitin = a modified polysaccharide.
Used in fungi cell walls, arthropod exoskeletons, and
dissolving stitches!

Peptidoglycan = another modified polysaccharide.
Used in bacterial cell walls e ;

Lipids

General info:

« Fats, Qils, Waxes

Made of C, H, and O

. Used for long term energy storage & insulation

. No polymers. ¢ @& W10 ovnaLs

« 3 major groups: triglycerides, phospholipids, & steroids




Triglycendes

» Triglycerides are made of one glycerol & 3 fatly acids. | 0\
« Conne L[ed Y ds. h)zr%m%um synthesss x 3 {7; ter linkages) \}bi

Fally scid
{0 i casw, palmitic scind)
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- covaent \ond s BEFUEN
Saturated vs. Unsaturated B%Umz each of

+ Refers to the bording of carbon in the latty

aeids. o S ety 1 _t.‘,,( al( lds
« Saturated = no double bhonds between Q 1,\,1 Q -Ff\ 5

carbons,

« Unsaturated = at least one double bond. S ik
il ’ > o - 5 - * "-DMU‘-
« Influences shape which influences properties, e w& j{,
« Which ones stay liquid at lower temperatures? E.;?’-‘i"’ %ml ESLJI-{‘ J S+ (L(k W J’

Why!
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Steroids P prskemn tatacadss

P

-1 clas of hormones, & cholesterol. LY~

- Notable structure = fused rings | co.(ben r;ASS)

« Presence of different functional groups leads to
different functions

Proteins
General info:

« The most complex biological molecules,

«Madeof C, H, O, N & alittle S
» User to accomplish all life functions o (YN ;l?
< All proteins are polyrers of amino acid monomers \)fLQQ[‘+ b(\f\ds
—> (0 (s lg/

« Amino acids are joined hy "peptide honds" —— a.
. amine act

L;\Q.WW/\ _
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Amino Acids

« There are 271 known aming acids
« All amino acids contain an
“alpha" carbon,

« Every amino acid differs in the structure of a variable group (symbolized as R)
bonded 10 the alpha carbon, b
« The structure of the R-group varies widely, o

A AminoAcids with Electrically Charged Side Chains )
Positive Negative ’6» = &n 'x(—d_ﬁ
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B. Amino Acids with Polar Uncharged Side Chains
Asparagine

0= MN’ZL,Q carbo S

Serine Threanine

o 9 ™

&K\J.B _

g W
C.. Special Cases - }
/Cysteing,  Selenocysteine  Glycine Proline ) o I ¢ B ,-—(“:H
| (Cys) £ (5e0 {Gly) [Pro)
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D, Amino Acids with Hydrophobic Side Chain f’ T
Alanine Isoleucine Leucine
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Chains of amino acids have a directionality, with an
amino end ("N-terminus") & a carboxyl end ("C-terminus”)

{N-terminus) bond  (cterminus)

Protein Structure

Because of the diversity of amino acids, proteins have very complex 3.0 structures.
Generally, we can constder 4 levels of proten strociure:

P ri m a ry St ru Ct u re f‘*"il‘rmiy structure of Transthyretin:

What it is:

The sequence of amino
acids in one polypeptide
chain

How it happens:

Peptide bonds between -

amino acids. Tl cat0oN of fodq'lj fagr(ﬂm
wHLa ear‘f\‘chN‘ |
ocderof amiae actds i€

Lased on b ards o

How does the cell
"know" the order of
amino acids?

Vghic“cijdary Structure pebmgan Rases Wl
Regular, repeating 3D structures found in all DN A
polypeptide chains.

How it happens:
Hydrogen bonding .
— amMmiNO

between atoms in the o X
backbcmg of the C&é FD " 3{&\6

polypeptide (no R-

e e ) groups involved) j
8e+a prated Chatt R

Why d r,!l teins have similar secondary structur :Z Q]’](
Q y do all prote ave similar secondary str es — ™™ C\)\I‘QSIS(V]

“Alpha helix”




Tertiary Structure 3 P

What it is: — Q‘f".."...»%_b
The specific 3D shape of a ' ®

particular polypeptide chain

(aka the "conformation")
demet How it happens:

Interactions between R-group

atoms with other R-groups

and the local environments of

the cell

E\/hd[ kinds of interactions can occur to determine 4& e I:mf»@&a(\'{— C\)\,&S‘Eﬂf\ .

tertiary structure?

Quartenary Structure

What it is:

The specific 3D shape of any protein that is made of
more than one polypeptide chain (many are).

The only "optional" level of structure.

How il happens: NS
The overall structure when e AL ‘/"m(’gﬂ
multiple chains form a ras 7\
functional protein. occU 4 RS Ay -
S‘I\_.{U\(;J("LN, ik U‘Qﬂ\/
g beou— bety :
Why do some proteins Mbbc'ﬁ M‘(HOQQ

consist of more than 1 OUWF f"dzj

polypeptide chain?

Protein Function

What do proteins do?
Generally speaking: Proteins are responsible for all life
activities of the cell (and by extension, the organism,

population, etc.}

Your book gives a pretty good overview:



Storage proteins Structural proteins

Fungtlon: 5tarage of amino acids ) Function: Support
Examples: Casein, the protein of milk, is the major Examples: Keratln I the proteln of halr, homs,

source of ami_n o gcﬁds for i mammals‘. F-f!ants i {eathers, and other skin appendsges. Insects and
ﬂorags O FrISk sne. mamum".‘ e spiders use silk fibera ta make their cocoons end webs,
protein of ogg while, used as an amino scid source respectively. Collagen and elastin proteins provide a
for the doveloping embryo. fibrous framework in animal connective tissues.

f—

Ovalbumin  Amino acids

lor embryo
Hatie
Gnnnemlw feme——t
tissue B0 pm
Hormonal proteins
Function: Coordination ol an organism's aclivities Defensive proteins
Example: Insulin, a hormone secrated by the Function: Protection against disease
pancreas, causes other lissues (o take up glucose, Example: Antibodies inactivate and help destroy
thus regulating blood sugar coneentration. viruses and bacteria.
L4
° ®®
Insulin  m
High ’ Normal
blood sugar Aecriieg »"" blood sugar
Transport proteins Contractile and motor proteins

Funetion: Transport of substances e
Examples: Hemoglobin, the iron-containing protein ol X .
Examplos; Molor proteins are responsible for the
, transport
vertebrate blood, fransports oxygen from the lungs to unditations of ¢llla and flagella. Actin and myosin

other parts of the body. Other protelns transport it cHoy
molecules across cell membranes. amm are responsible for the contraction of

Actin Myosin

e —
Cell membrane : e
o e
sclo tissu 100 pm
Receptor proteins
Funetion: Response of cell to chemical stimuli Enzymatic proteins
Exampie: Receptors built into the membrane of a Function: Sclective acceleration of chemical reactions
nerve cell detect signaling molecules released by Example: Digestive enzymes calalyze the hydrolysis
other nerve cells. of bonds in food molecules.
G i -Receptor
g protein

Signaling e
molecuIUUA-’:_:.};_.' i

An lllustrative Example

Sickle cell anemia: One example of the relationship
hetween protein structure and organismal physiology (not
the only one, by any means!)

This is Hemoglobinl
It carries oxygen in your red blood cells

IT IS
CRAZY
IMPORTANT!




some unlucky folks have a mutation that resugts from

{ﬂ(\‘ qﬂ\\ﬂu aCy / ' {a}p‘ C\.ﬁ‘.iﬂD“- (-‘{(*.\
valine (hydrophobic) replacmgwﬁ

Wi enc s

(hydrophilic) in the beta chains of hemoglobin

\ Secondary i
Prmary Quaternary Red Blood
and Tertlary ! Function
I\\ﬁ A Suw@m Structures sw.uclum . Cell Shape
4 i Log Marmal Molecules do not
N (;._,( c\fﬁ ‘ el 2 fﬁa »..  hemoglobin associate vith one
% od . . g:::lt; each carries
| LR EE G || W
E b
2 . psubumin’ "L “%%g N
¢ T : :
E @,
s b |
" Exposed  Sickie-cell  Molecules crystallize
hydrophabic hemoglobin  into a fiber; capacity
reglon to carry oxygen is
o O - reduced,
‘g:&-:-{z

B B

Sickie-cell hemoglobin

{his change in the structure of hemoglobin affects the function.
sickle-cell hemoglobin gets clumpy, and the red blood cells change shape.
rhey don't carry as much oxygen, and get stuck in blood vessels.

sickle-cell anemic people die at a young age from the disease.

10 pm 10

\ 28 pm

Q‘\f{:\\“?}’ _
Denaturation

There is a direct relationship between a protein's
- conformation and its function.
If the conformation is altered, the function of the protein will
also be altered.
Denaturation: Change in the structure of a protein.

Denatured proteins do not work well (if at all). =
_ . Tnpo ctant-Quesban l
@’hat sorts of conditions can denature proteins? Why? |
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Visualizing Proteins
Because of their complexity, studying protein structure &
function ("proteomics”) can be overwhelming,

(FREE!) Computer modeling software is frequently used to
help visualize important structural aspects,

Nucleic Acids
General info:

. The information storage molecules for biological
systems.

Made of C, H, O, N &P

2 kinds of nucleic acids: DNA & RNA

All nucleic acids are polymers of nucleotides.
Nucleotides consist of a phosphate, a pentose sugar,
and a nitrogenous base. 4 different bases in DNA &

- gt b

RNA ™ ,fw)_i-____
; = 0 ST 1N e e =
e b s ? é)(zc MO oo™
i - |Mnage

DNA vs. RNA

While similar in structure, there are a few key differences which
lead to major differences in function.
Pentose:
« DNA = deoxyribose  RNA = ribose
Bases:
« DNA = Adenine, Thymine, Guanine, Cytosine
- RNA = Adenine, Uracil, Guanine, Cytosine

+

.

-

Strands o
« DNA = 2 strands e 2
i wt o ‘Ic"' T w c.?.
« RNA =1 S{l'r]f‘id ,,,éa::.s'.. = \,=._g.. -
Cytomine Urse
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DNA: Deoxyribonucleic Acid

= TR » : =

DNA serves 2 functions in all life on Earth: YN, G\;"'._Eéu 0§ d-s

4 I . v - . e ———

1. Stores information about the primary structure of proteins, Qa o & cb

and the sequences of RNA molecules.

2. Is heritable. -

DINA Structure:

« 2 chains of covalently bonded

nucleotides, from sugar to
phosphate... ["phosphodiester

: _ﬂ“““ can \ve f‘asSﬂJ dO\,u/b. |
Gom parents to ofSPA%Y

M2 S0RE

hesneds")

» Chains are bonded to each other by
hydrogen bonds hetween N Bases,

« A bonds 1o T, G bonds to C,

C Purine (AG] always opposite

Pyrinndine (T,Ch

7\ % A2 A Borl AS

;Lj’:f% o canva -
t forNE
C;ﬁﬁﬂ wtﬂﬂﬂ“ -

Vol prove

Fyamidas  Puniras

Discovery of DNA Structure

The most important biological d!u(,m ery of the 20th century {and er,uai’)h
the 2nd most important ever),

Watson & Crick - published the paper

Wilkins & Franklin - diel the X-Ray diffraction work

Sume controversy abuut ethics of Watson & Crick,

Nabel Prize (1962 Watson, Crick, & Wilkins {Franklin was dead)
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Phote 51: X marks the helix!/
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RNA: Ribonucleic Acid

RMNA serves many functions for life:

AQ(”\J\QS' as AL m‘l-*?JYVLQdIQ{—L
E Transmits and ranslates DNA information into protein. //_9 > %M
2. Many enzymatic and regulatory functions, YN\ G Q QL,LJ—‘L b’L

3,1 kind of DNA, =15 tvpes of known RNA at current (3 main types)
orod and F(ﬁi&:r\/
Turns out il s MUCH more interesting than DNA s, v
RINA Structure: B N A = R N A 6 v

« less stable than DINA
« § strand, but hase-paring can still
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Informatjon in Biology

« Biological systems a?@ process matter, energy, & INFORMATION.

« The information stofed in DNA moves to RNA before some of
that information finally directs the construction of proteins.

« This is known as the "Central Dogma" of molecular biology.

- It will be the underpinning of the most important biological
advances during your lifetime (it already is!)
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Make sure you can

Identify the structures of the monomers and polymers
of the lour major classes of macromobecules,

Diagram the syathesis and hydrolysis of carbobydrates
and pobypeptides,

Explain the biological functions of all of the rnolecules
dliscussed in this presentation.

Explain the emergence of all four levels of protein
strociure,

Pesctihe the role of general role of nudleic acids in
living systerms,



